Figure 1 Basic block diagram of the complete experimental apparatus

Basic operation of the complete system
Experimental measurements performed with the current system include dark decay, photo-induced discharge (PID) and DC photoconductivity experiments. The novel light source (NLS) is used for DC photoconductivity and PID experiments only. The NLS forms part of a large experimental apparatus developed by the authors and a more detailed description of the system as a whole can be obtained from a previous publication 3 . All experimentation is carried out in a purpose-built light-tight enclosure. Dark decay measurements involve the application of a surface charge of positive or negative polarity to the sample by the use of a scorotron chargerA-. A scorotron charger is a device that sprays the floating surface of the sample with ions of predetermined potential and charge limits. The charged sample is then automatically moved to a measuring station which monitors the applied charge as it decays naturally over time. The measuring station comprises a Monroe® model I009T transparent probe,· Monroe® model 144 electrostatic voltmeter and a optical sensor unit. For PID measurements the sample is again charged and moved automatically to the measuring station as for dark decay. As the charged sample arrives at the measuring station a signal is sent to the NLS and a single flash of light is initiated. The applied surface charge samples used comprise an aluminium substrate (typically 4mm thick) on which amorphous semiconductor layers of various thickness are prepared by thermal evaporation.
of pipeline to sensors positioned on the other side of the pipeline!. Such systems normally contain sensor arrays of silicon photodetectors and light emitting diodes positioned so as to give several projections of the medium under test by parallel or fan projection 2 . Discrete photodetectors in a sensor array are normally used in these systems. The physical size of the photodetector device limits the size of the sensor array which in turn can limit the resolution of the system. The current area of research is concerned with using highly photoconductive amorphous semiconductors as the material for the sensor arrays. Amorphous semiconductors can be fashioned into very small highly sensitive optical sensor arrays thus increasing resolution. Due to their extremely high photoconductivity, amorphous semiconductors may be used for process tomographic systems with greater diameter pipelines or for systems with mediums of greater density. Various amorphous semiconductor sensing materials are under investigation in the current research project. The
Introduction
This paper is concerned with the development of a novel light source which aids the study of the optoelectronic properties of amorphous semiconductors as optical sensors for process tomography. The light source is an integral part of a prototype industrial process tomographic system which is being developed for the detection and imaging of multiphase flows. In this paper, the design, assembly and performance of the light source are discussed in detail. Findings of the research into the suitability of amorphous semiconductors for industrial process tomography will be presented at a later stage in a subsequent paper.
The problems of controlling and imaging multiphase flows within pipelines can be overcome by the application of optical process tomography. Optical tomography involves passing light from a light source through a transparent section Investigation of optical sensors -Jenner &Vaezi-Nejad
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(1) Frequency generator board / pulse selector circuitry For PID experiments, a single flash has to be initiated as soon as the sample arrives at the measuring station. A timing/position sensor unit (TPS2) is used to generate an enable signal which is used to initiate a tance of varying the input voltage when maximum input energy (0.11) is maintained as given by (1).
From figure 2 it can be seen that the smaller the input voltage, the larger the value of capacitance required to produce maximum input energy needs to be. However, the larger the discharge capacitor, the longer the light pulse will be. Thus the pulse duration may be altered by changing the value of discharge capacitance. However, it can be seen from figure 3 that a drop in discharge capacitance produces a proportional drop in input energy over the operational range of the NLS. This means that if the value of capacitance were to be changed to alter the pulse width the input voltage would have to be altered to maintain the desired light intensity. Therefore for the current system, the pulse duration is set by altering the value of discharge capacitance and the light intensity is changed by varying the input voltage for said value of discharge capacitance. The discharge capacitance is altered by inserting printed circuit boards containing banks of high voltage polypropylene capacitors which have been configured to a set value of capacitance into the NLS. 
Super quiet discharge lamp and trigger socket
The lamp used in the NLS for photodischarge experiments is a super quiet xenon discharge bulb with a spectral distribution of 160-2000nm, supply voltage of 700-1000Y, trigger voltage of 5-7000Y, and flash repetition rate of 100Hz. To produce a flash, 160Y is applied to the input of the trigger socket via the trigger capacitor Ct. The trigger socket then applies a 5-7kY voltage spike to a sparker contained within the xenon discharge bulb. A conductive path is then formed between the anode and cathode of the xenon bulb and the main discharge capacitor Cm is allowed to discharge into the bulb. Cm is charged to between 700 -1000Y and delivers a maximum energy of 0.1 J to the xenon discharge bulb and a flash is initiated. The trigger socket contains a transformer and high tensile electrode 6 ,7. For the current application, the research demands that light of different intensities be available and that the light pulse duration be controllable. The pulse height of the xenon flash is proportional to the light intensity. It has been found that the light intensity and the flash duration are dependent upon the capacitance of the main discharge capacitor (Cm), the inductance between the xenon bulb and Cm , the length of trigger socket cable, and the input voltage 8 . The flash duration is also dependent upon the distance between the anode and cathode of the xenon device. The current discharge lamp has an anode to cathode spacing of~900 1.5 m m is then photodischarged by the light from the NLS and the resulting charge decay curve is monitored by the transparent probe and electrostatic voltmeters. For DC photoconductivity measurements, the samples have a transparent gold film placed upon the semiconductor surface by sputtering. Electrodes are then attached to the gold film by conductive paste so that an electric field can be applied across the sample. Each sample is positioned solely at the measuring station and light from the NLS is directed onto the transparent gold film. For these measurements, the transparent probe is removed and a Keithley 485 picoammeter is connected to the sample electrodes and the induced current is monitored. Various process tomographic prototypes containing differing mediums are then inserted between the sample and the NLS. The NLS is activated manually and the light is directed onto the sample surface through the tomographic prototype. For both types of measurement all data is handled by a data acquisition / file management system which has been developed using the Turbo C® and MATLAB® languages.
Traditionally, flash units comprising of gas filled tubes or bulbs require a trigger signal initiator mechanism, triggering transformer / electrode unit, discharge capacitors, and firing mechanisms to produce a flash of light. There are many variations of this technique used in photography and electrophotography but their operation is similar. The basic principle of operation is that a discharge capacitor is allowed to charge to a set potential. A triggering signal is then sent that allows a device such as a thyristor to enable a transformer and sparking electrode to send a spike of voltage into the discharge tube or bulb. The main discharge capacitor is then allowed to discharge into the tube or bulb and the current ionises the gas producing the light. The NLS comprises the following stages. (1) Super quiet xenon discharge lamp and trigger socket, (2) H.Y supply filter and bank of main discharge capacitors (Cm), (3) Frequency generator board and pulse selector circuitry, (4) Trigger signal module and Figure 4 Basic block diagram of the developed light source Discussion At present the experimentation for PID involves the sample being charged, moved to the measuring station, it is photodischarged, the decay curve is monitored, and finally the sample is returned to the scorotron charging unit in a single cycle. As such the NLS only requires differential amplifier, and voltage divider circuitry as shown in figure  5 .
To turn the SCR off, the Gate voltage has to be at the same or negative potential with respect to the cathode. To turn the SCR on, the Gate voltage needs to be positive with respect to the cathode. The SCR needs a Gate .voltage of 1.5V in order to turn on. The cathode is taken to ground. For efficient switching of the SCR into the on and off conditions, the Gate voltage needs to be negative with respect to the cathode for the off condition and positive with respect to the cathode for the on condition. The Gate voltage then needs to return to a negative potential with respect to the cathode in order to efficiently reset the SCR. The timing information for the SCR firing circuit can be obtained from figure 6.The requirement of getting the trigger signal to swing from negative to positive voltages was resolved by the use of monostable multi vibrators and a differential amplifier. The offset null on the differential amplifier has been set so that the amplifier output sits at the negative rail of the power supply (-15V) when no input signals are applied. The output from the amplifier is taken to the Gate of the SCR, thus in the initial condition the SCR is off and Ct is allowed to charge. The cathode of the SCR is kept at OV and the Gate swings between -5V and +l.5V so that in the initial condition the Gate is negative with respect to the cathode and so the SCR is efficiently turned off. Monstables have been used to supply differential signals to the differential amplifier in order that the time that the trigger signal and therefore the conduction time of the SCR are high can be accurately set by external components. The ability to control the time that the trigger signal is high allows control over the charge and discharge rates of the main discharge capacitors Cm. SCR firing circuit and trigger capacitor Ct To produce a flash from the light source, Ct which can be seen in figure 4, needs to be discharged into the trigger socket. Ct is used to deliver 6mJ of energy to the trigger socket which in turn delivers a 5-7kV voltage spike to the sparker contained within the xenon flash bulb. The charging and discharging of Ct is controlled by the use of a silicon controlled rectifier. The SCR is inserted between the trigger socket and 0, thus when the SCR is in the off condition no current can flow and Ct is allowed to charge to the supply voltage of l60V. When the SCR is fired on, a conduction path is formed between the trigger socket and 0 and 0 is allowed to discharge. The output from the optocoupler is used as the input to the SCR firing circuitry. The SCR firing circuit comprises monostable rri.ultivibrators, a flash. A mechanical device mounted underneath the rotating arm carrying the sample breaks a light beam generated by TPS2 as the sample arrives at the measuring station. The output of TPS2 then goes high and remains high until it is reset by the sample moving away from TPS2. A frequency generator has been designed to continuously output a square wave of lOOkHz frequency with a duty cycle of 10%. The wave form is produced by the use of a 555 timer configured for astable operation. The output from the frequency generator is taken to the input of a pulse selector circuit. The enable signal is connected to the input of the pulse selector circuit. When the pulse selector receives the enable signal from TPS2 a single pulse from the pulse train is allowed onto the input of a optocoupIer via current limiting circuitry. The optocoupler (HCPL2200) is used to isolate the SCR firing circuit from false firing due to transients. '----' put from the optocoupler is used to trigger the SCR firing circuit.
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The novel light source can be operated manually or by remote control via personal computer and aJlows user control over the flash duration and intensity, flash repetition rate, and main discharge capacitor (Cm) charge and discharge rates. The apparatus has been tested by the use ,of a fast PIN photodiode and Tektronix 2230 100MHz storage oscilloscope. The developed light source also lends itself well to applications in optical process tomography by the use of fan projection.
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Figure 6 Timing diagram for SCRfiring circuit 
Conclusion
toconductivity of amorphous semiconductors to be undertaken and also to act as an illumination source for a prototype optical tomography system. It is generally accepted that an image capture rate of 100 frames per second is desirable for a real time imaging system for multiphase flow. The NLS in its present form is capable of 100 flashes per second and is therefore capable of being employed in a real time tomographic imaging system. The NLS is currently being utilised in the determination of PID and DC photoconductivity characteristics for various amorphous semiconductors. The data acquisition rate from the tomographic prototype and therefore the optimum flash repetition rate of the NLS will be established from the conclusion of these series of experiments. 
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-tc'iV Output from optocDup18T ovl------l -tc'iV Figure 5 Basic SCR firing circuit flash repetition rates of 3Hz or slower. However, our research also requires investigation of the effects of fatigue upon the semiconductor films. In order to be able to look at fatigue, the samples have to be charged and discharged at high speed for multiple cycles. As such, much faster flash repetition rates will be required. The flash repetition rate can be greatly improved by not allowing the main discharge capacitors (Cm) to fully discharge resulting in less time required for Cm to recharge after a flash has been initiated 10. The time that the trigger signal is active can be reduced in the current system to turn off the SCR before Cm has fully discharged.
The NLS was developed to serve two main functions, these being to enable the study of PID and DC phoThe design and development of an economical and efficient light source has b e e n described w h i c h enables controlled photodischarge and illumination of amorphous semi con-L---1 ductor samples to be undertaken .
